Environmental stressors negatively affect crop growth and yield. Limited information is available about the synergistic use of biochar and plant growth-promoting rhizobacteria (PGPR). A field study was conducted to evaluate the effect of biochar in combination with PGPR (Pseudomonas koreensis and Bacillus coagulans) for alleviating water deficit and saline soil in rice (Oryza sativa L.). Two growing seasons, 2017 and 2018, were examined using twelve combinations of three irrigation intervals every 6 days (I 1 ), 8 days (I 2 ), and 10 days (I 3 ) and four soil treatments (control, PGPR, biochar, and combination of PGPR + biochar) in salt-affected soil. The findings exhibited that synergistic use of biochar and PGPR alleviated the negative effect of these stressors. The integrative use of biochar and PGPR caused an increment in soil moisture content and physicochemical properties. Significant increasing in chlorophyll content, relative water content, stomatal conductance, K + and K + /Na + contents occurred with decreasing proline content and Na + content, which confirmed the efficacy of this approach. As a result, the highest yield and its related traits were attained when biochar and PGPR were added together under irrigation interval I 1 , which was on par with I 2 . We concluded that increased nutrients uptake (N, P, and K) were the cause of the superior rice productivity resulting from co-PGPR biochar. Synergistic use of biochar and PGPR could be an effective strategy for improving plant growth and productivity under stressors.
Introduction
There are some important abiotic stresses that adversely impact the global food security of a fast growing populace, which is anticipated to reach 9.6 billion by 2050 [1] . Salt-affected soil is one such abiotic stress that not only hinders the growth and productivity of plants but also degrades the soil productivity in arable croplands worldwide and particularly in arid and semi-arid regions [2] . potential under water deficient conditions in maize as compared to the control [18] . Likewise, biochar improved the water use efficiency of quinoa under water deficit [19] . This indicated that biochar response under water deficit could differ with soil and biochar type. Reports have indicated that biochar could mitigate water deficit in cereal crops when added with PGPR [20] . Inoculation of biochar with "Azosprillum sp." further improved the growth, yield, nitrogen (N), and phosphorus (P) uptake under water deficient conditions compared to microbial inoculation only [21] .
As a major staple crop, rice (Oryza sativa L.) is an important cereal, which supports more than three billion people worldwide by comprising 50% to 80% of their daily calorie intake [22] . Rice also requires a larger amount of water throughout its life cycle as compared to other crops. In Egypt, about 0.5 Mha are cultivated annually, giving a total production of 6.1 Mt [22] . Rice production is decreasing rapidly due to the negative impacts of various environmental stresses, such as water deficit and soil salinity [8] . In addition to rice yields, water deficit and salt-affected soils also influence the morphological, physiological, and biochemical characteristics of rice [23] . Therefore, it is very important to develop cost-effective technologies to ameliorate the deleterious effects of water and salt stresses on rice plants to assist with the upcoming problem of food security [24] .
There is little information about the synergistic use of PGPR and biochar, particularly under water deficit and saline soil conditions in the field. Consequently, the current investigation was assumed with an intent to assess the synergistic use of biochar and PGPR for alleviating water deficit stress and saline soil by utilizing rice as a test plant. It is projected that the study results will be beneficial for formulating novel management strategies for improving growth and rice productivity under water deficit and salt-affected soil in field conditions.
Materials and Methods

Plant Growth Promoting Rhizobacteria Properties
A lab experiment was conducted to investigate the ability of bacterial strains to ameliorate the seed germination and growth of Rice (Oryza sativa L., cv. Sakha 105) under elevated salinity and drought stresses. For this purpose, the experiment was conducted in a completely randomized design.
PGPRs were obtained from the Department of Agricultural Microbiology, Soil, Water and Environment Research Institute (SWERI) and the Agricultural Research Centre (ARC) in Egypt. Inoculum of PGPRs (Pseudomonas koreensis MG209738, Azotobacter chroococcum SARS 10, Azospirillum lipoferum SP2, Bacillus coagulans NCAIM B 1086 and Enterobacter cloacae KX034162) were prepared by inoculating King's B broth medium [25] , for growth of P. koreensis, Jensen's Medium [26] , for growth of A. chroococcum, semi solid Malate medium [27] , for growth of A. lipoferum and Nutrient Broth medium [28] , for growth of B. coagulans and E. cloacae.
Evaluation of the Properties of Plant Growth Promoting Rhizobacteria
Under salinity stress conditions of 0, 2, 4, 6, and 8 dS m −1 of NaCl, as well as in drought stress conditions of 0%, 5%, 10%, 20% and 30% of Poly Ethylene Glycol (PEG 6000), (Dongguan Defond Dfoamer CO., Ltd. Dongguan City, Guangdong Province, China) two plant growth promotion traits were analyzed; indole acetic acid (IAA) production and inorganic phosphate solubilization. Each experiment was performed in triplicate and repeated at least three times.
Assay of IAA Production
The method described by [29] was used to assay indolic compounds. Briefly, 1 mL of the bacterial suspensions (1 × 10 8 colony forming unit (CFU) mL −1 ) were inoculated into broth medium supplemented with 1 g L −1 filter-sterilized L-tryptophan as IAA precursors in the presence of salinity and drought stress conditions and incubated at 30 • C on a shaker at 200 rpm for 72 h. After the incubation period, bacterial cells were centrifuged at 8000 rpm for 10 min, and the supernatant was taken for IAA assay (0.5 mL of the supernatant was supplemented with 2 ml of the Salkowski Reagent), and then the pink auxin complex was read at 540 nm using UV/Visible Spectrophotometer (Bibby Scientific Ltd, Dunmow, Essex. UK, Model 6705). The concentration of IAA produced by the cultures was quantified using a calibration curve using a standard IAA and expressed as µg mL −1 .
Assay of Phosphate Solubilizing Bacteria
Solubilization of tribasic calcium phosphate was quantitatively measured in Pikovskaya (PVK) liquid medium inoculated with 1 mL of bacterial suspensions (1 × 10 8 CFU mL −1 ) in the presence of salinity and drought stress conditions and left on shaker incubator at 200 rpm and 30 • C for 5 days. The concentration of soluble phosphate was determined colorimetrically after centrifugation of liquid cultures at 5000 rpm for 15 min [30] . The absorbance of generated blue color was measured at 610 nm, and soluble phosphorus is detected from a standard curve of K 2 HPO 4 and expressed as µg P 2 O 5 mL −1 .
Germination Indicators
Ten seeds of each treatment were first rinsed with 70% (v/v) ethanol and surface sterilized with diluted sodium hypochlorite (3% v/v) for 3 min and then washed five times with sterile distilled water. Seeds were soaked in bacterial suspensions (1 × 10 8 CFU mL −1 ) overnight before being germinated in sterile 15-cm Petri plates. The Petri plates were lined with sterile double filter paper and saturated with 15 mL of sterile water. Plates were exposed to different levels of salinity and drought stress and then incubated at 20 • C in a dark place. For control, seeds were soaked in autoclaved inocula. All Petri plates were sealed well to prevent drying during the experimental period of 10 days. A daily count of germination was done, and at the end of the experiment, the dry mass was taken for each replicate. Germination indicators were calculated as follows.
Final germination percentage (FGP, %) was calculated according to [31] , using the formula:
where FGP, % is the final germination percentage, TNG is the total number of germinated seeds, and TNP is the total number of planted seeds. Mean germination time (MGT) was used to evaluate seedling emergence and computed by the formula cited by [32] .
where MGT is the mean germination time, ni is the number of germinated seeds on germination days, and ti is the number of days during the germination period (between 0 and 10 days). Vigor index (VI) was calculated using the formula of [33] , as follows:
where VI is the vigor index, SDM is the seedling dry mass (g), and GP is the germination, %.
Field Experiment Details and Design
Field experiments were conducted at El-Karada Water Requirements Research Station, Kafr El-Sheikh (North Delta), Egypt (Latitude: 31 • 6 N; Longitude: 30 • 56 E) during two successive summer growing seasons, 2017 and 2018. The intent was to study the synergistic impacts of plant growth-promoting rhizobacteria (P. koreensis and B. coagulans) and biochar under three irrigation intervals (every 6 (I 1 ), 8 (I 2 ), and 10 (I 3 ) days after transplanting) on soil moisture content, physicochemical properties, physiological attributes, yield, as well as nutrient uptake of a salt-sensitive rice (Oryza sativa L., cv. Sakha 105) in salt-affected soil. The experimental design was split-plot arranged into randomized complete blocks with four replicates. Irrigation intervals (every 6 (I 1 ), 8 (I 2 ), and 10 (I 3 ) days after transplanting) were placed in main plots, while soil treatments (control, PGPR, biochar, and combined of PGPR + biochar) were placed in sub-plots. Seeds of rice were obtained from the Rice Research and Training Center, Sakha, Kafr El-Sheikh, Egypt. The seed viability was further examined before beginning the experiment and was estimated to be 98% on average. The field was deeply plowed after being fallowed, plowed superficially, machinery raked for leveling, and finally, underwent wet leveling after flooding. Experimental plots were 13.5 × 5.0 m and 0.75 m apart (each plot size: 67.5 m 2 ), which were prepared after soil arrangement. There were 4 m gaps between the blocks and 1.5 m alleys between the main-plots to avoid lateral water movement and other interferences. Rice seeds were soaked in fresh water for 24 h and incubated for another 24 h, then broadcast at the rate of 120 kg ha −1 in the flooded nursery homogenously by hand. Thirty-day old seedlings were transplanted at the rate of 3-4 seedlings per hill with a spacing of 20 × 20 cm between hills and rows. Thereafter, seedlings were transplanted on May 1st in 2018 and April 30th in 2019. Fertilizers were applied for the nursery area as recommended. Calcium superphosphate (15.5% P 2 O 5 ) was applied at the rate of 125 kg P 2 O 5 ha −1 before transplanting. Total N fertilization was added at the rate of 160 kg N ha −1 as urea product (46.5%) and applied on three equal doses during rice growth to avoid the leaching of N. The seeding rate was 140 kg ha −1 . Soil texture was clayey.
Soil samples were collected before sowing from 0-30 cm depth using an auger. Soil samples were air-dried and passed through a 2-mm sieve for physicochemical properties analysis (Table 1) . Physicochemical analysis was done according to the hydrometer method by using hydrogen peroxide and sodium hexametaphosphate (dispersing agents) according to [34] and explained recently by [35] . Meteorological data at the El-Karada station during two growing seasons, 2017 and 2018, are presented in Table 2 . 
PGPR Preparation
Strains were incubated for 48 h at 30 • C. Mixture of used strains (1:1) were prepared as peat-based inoculums, 15 ml of 10 8 CFU mL −1 from each culture per 30 g of the sterilized carrier and spread over a plastic sheet away from direct sun for 20 min before application.
Biochar Characterization
Biochar application in this investigation was prepared through slow pyrolysis of rice husk and corn stalk (1:1) at 350 • C under an oxygen depleted condition with a mean residence time of 3 hours. One week prior to transplanting and during the tillage process, biochar was broadcasted to each plot and mixed homogeneously with local soils (0-20 cm depth) (2 kg biochar m −2 ) and ground in a stainless-steel mill to <2 mm to remove large particles after natural air drying and then machinery raked for leveling. Neither the control treatment nor individual PGPR treatment received biochar. The initial physical and chemical properties of the biochar are as follows: the content of N, P, and K were 25.21, 7.45, and 13.21 g kg −1 , respectively. CaCO 3 , soil pH, and EC were 1.4%, 7.60, and 0.7 dS m −1 , respectively. pH was measured by a digital pH meter. EC was measured using a conductivity meter in a 1:5 (soil:deionized water) soil saturated paste by the method of [36] . Moisture content, water holding capacity, bulk density, and specific surface area were 33 g kg −1 , 954 g kg −1 , 0.2 g cm −3 , and 37 m 2 g −1 , respectively.
Measurements
Soil Physicochemical Properties
Soil samples were collected at harvest from a 0-30 cm depth using an auger. Soil samples were air-dried and passed through a 2-mm sieve for chemical properties analysis. Electrical conductivity (EC 1:5) was measured using a portable EC meter. Na + and K + were analyzed using a flame photometer [16] . Ca 2+ was analyzed by a titration method using a versant solution. Ferrochrome black T was used as an indicator for Ca 2+ , while ammonium purported was used to determine Ca 2+ [37] . Sodium adsorption ratio (SAR) was calculated as an indicator for potential soil sodification using the following Equation (4), as described in [38] :
where Na + , Ca 2+ , and Mg 2+ were expressed in mEq L −1 .
Soil Moisture Constants
The volume of water accumulated in the rhizosphere (the root zone of the soil) between field capacity (FC) and the permanent wilting point (PWP) is described as available soil water (ASW), which can be easily used by plants. ASW was calculated based on the following equation:
where WFC and WPWP are the gravimetric soil-water content (%) at FC and PWP, respectively, Bd refers to the value of soil bulk density (g cm −3 ), and V indicates the soil layer volume (m 3 ) at the depth of the root zone, which was determined to be different three times (i.e., June, July, and August) during both the 2017 and 2018 growing season which are shown in Table 3 , as described by [39, 40] . 
Physiological Characteristics
A SPAD meter (Model: SPAD-502, Minolta Sensing Ltd, Hangzhou, Japan) was used for measuring chlorophyll content from the topmost fully expanded leaves on the main stem at flowering stage [41] . SPAD values were recorded from ten plants within each plot, and then, the readings were averaged to have a single value for a plant.
Relative water content (RWC) was analyzed gravimetrically from the topmost fully expanded leaves at flowering stage [41] between 10:00 to 12:00 am. The leaves were weighted immediately after being detached from the plants to get the fresh weight (FW). The leaves were consequently rehydrated in distilled water for 24 h to get the turgid weight (TW) and dried at 60 • C in an oven for 48 h to get the dry weight (DW). Relative water content was measured according to the following formula:
Stomatal conductance (gs) was measured on fully expanded flag leaves from the abaxial surface as mmol H 2 O m −2 s −1 from three plants in each plot with a dynamic diffusion porometer (Delta-T AP4, Delta-T Devices Ltd, Cambridge, UK) on fine days. Two measurements from both adaxial and abaxial surfaces of the leaf were taken for each plant. Measurements were repeated on fine days (following weather) every 4 or 7 days from booting till harvest with a porometer [42] . Measurements were in the top leave and front (ra) and back side (rb) of the center of the leaf.
Total leaf conductance (rl) is 1/rl = 1/r a + 1/r b . Free proline content in the leaves was determined following the method of [43] . Leaf samples (0.5 g) were homogenized in 5 ml of sulphosalycylic acid (3%) using mortar and pestle. About 2 mL of extract was taken and placed in a test tube, and then 2 mL of glacial acetic acid and 2 mL of ninhydrin reagent were added. The reaction mixture was boiled in a water bath at 100 • C for 60 min. After cooling the reaction mixture, 6 mL of toluene was added and then transferred to a separating funnel. After thorough mixing, the chromophore containing toluene was separated and absorbance read at 520 nm in a spectrophotometer against toluene blank. Proline concentration was determined using a calibration curve and expressed as µ mol proline g −1 FW.
At the heading stage, dried samples of leaves from each plot were taken and dried in an oven at 70 • C for 48 h. Leaves (0.5 g) were ground into a fine powder and were digested with concentrated H 2 SO 4 (5 mL) and 80% perchloric acid (1 mL). Digested material was diluted with distilled deionized water and brought up to a 100 mL final volume. The concentrations of Na + and K + were determined using a PFP7 Flame photometer [44] .
Yield and Its Components
Ten plants were randomly collected at maturity from the middle of each plot to measure the number of spikelets per panicle and the number of spikes m −2 . Plants were harvest at the ground level, dried at 72 • C for 2 days, and 1000-grain weight (g) was measured. One m 2 from each plot was harvested and dried at 72 • C for 2 days for measuring grain and straw yields (kg DM ha −1 ). Harvest index (HI) was calculated as the ratio between grain and biological yields. It was expressed as a percentage.
Harvest index =
Grain yield kg ha −1 Biological yield kg ha −1 × 100 (8)
Nutrient Uptake
Uptake of N, P, and K were measured by multiplying a percentage of the specified element (nitrogen, phosphorus, and potassium) in grain and straw dry matter to calculate total nitrogen uptake (kg ha −1 ), total phosphorus uptake (kg ha −1 ), and total potassium uptake (kg ha −1 ). The nitrogen element was determined by the macro-Kjeldahl technique according to [45] . Phosphorus and potassium elements were determined according to [46, 47] , respectively.
Statistical Analysis
Data obtained were subjected to an analysis of variance using an F-test [48] . To compare the means, Duncan's test was used at 5% of probability.
Results
Water deficit and salt-affected soils (Figures 1-3 ) as environmental stressors greatly declined soil fertility and productivity, which results in food insecurity and poverty. The synergy between PGPR and biochar improved soil physicochemical properties, soil moisture contents, physiological characteristics, nutrient uptake, rice yield, and its components when compared to their sole use, as shown in Figures 1-3 . 
Chlorophyll Content, Relative Water Content, Stomatal Conductance, and Proline Content
There was a significant interaction between irrigation intervals and soil treatments for chlorophyll content, relative water content, stomatal conductance, and proline content. The findings showed that the highest chlorophyll content (Figure 4 ), relative water content, and stomatal conductance ( Table 6) were obtained from plants treated with the combination of biochar and PGPR and irrigated every six days (I1) in both seasons. A similar result was observed with irrigation every eight days (I2) and the combination of biochar and PGPR in both seasons. The lowest chlorophyll content, relative water content, and stomatal conductance values were obtained from plants treated with irrigation every 10 days (I3) and without soil applications (control). The combination of biochar and PGPR application resulted in decreased proline content when plants were irrigated every six days (I1), which did not differ significantly (p > 0.05) from plants irrigated every eight days (I2) under saline soil in both seasons ( Table 6) . 
Plant Growth Promoting Rhizobacteria Traits
Responses of these plant growth-promoting strains, P. koreensis, A. chroococcum, A. lipoferum, B. coagulans, and E. cloacae differed under different stress conditions (salinity and drought) ( Table 4 ). Among the tested bacterial strains, it was noticed that strains of P. koreensis and B. coagulans were the most tolerant to higher salinity and drought concentrations as compared with the other strains. These strains had the ability to produce IAA 1.94 and 0.89 µg mL −1 and solubilize P 2 O 5 1.59 and 0.90 µg mL −1 at 8 dS m −1 of salinity stress for P. koreensis and B. coagulans, respectively. Under 30% PEG 6000 stress, these strains produced 0.84 and 0.69 µg mL −1 of IAA and 1.17 and 0.70 µg mL −1 of solubilized P 2 O 5 for P. koreensis and B. coagulans, respectively. 
Germination Indicators
Under the most extreme salinity stress of 8 dS m −1 , it was found that rice plants with P. koreensis applied had the greatest FGP of 35% (Table 5 ). At the same concentration of 8 dS m −1 , B. coagulans had the next greatest FGP with 28%. The E. cloacae strain recorded the lowest values of FGP, which were down to 20% and 15% when rice seeds were exposed to 8 dS m −1 and 30% PEG 6000, respectively. Both the salinity control and water deficit controls (zero NaCl and zero PEG6000) maintained 100% FGP, respectively. The shortest MGT was found when rice seeds were treated with P. koreensis as opposed to other strains. Under 0, 2, 4, and 8 dS m −1 , the MGT for P. koreensis was 1.90, 2.30, 2.50, 2.91, and 3.33 days, respectively. Under 0%, 5%, 10%, 20%, and 30% PEG concentrations, the MGT for P. koreensis was 2.0, 2.5, 2.5, 3.0, and 3.5 days, respectively. The VI values dramatically decreased when exposed to increased abiotic stress. Particularly when the germination medium was supplemented with 8 dS m −1 and 30% PEG 6000. On the contrary, the application of 4 dS m −1 and 10% PEG maximized the VI by 0.011 and 0.014 for P. koreensis compared with other strains and control (no NaCl and PEG 6000), respectively. Consequently, P. koreensis and B. coagulans were the most tolerant to higher applied salinity and drought concentrations as compared to the other strains in the study.
Field Capacity (FC), Wilting Point (WP), and Available Soil Water (ASW)
The soil moisture constants were significantly influenced by irrigation intervals and soil treatments under saline soil. Our findings exhibited that the application of PGPR and biochar alone improved field capacity, and available soil water consequently lowered the wilting point compared to the control (where neither PGPR nor biochar was added). Though, these soil moisture constants were further improved when PGPR was applied in conjunction with biochar in both seasons. Also, among irrigation intervals (I 1 , I 2 , and I 3 ), the maximum increases in FC, ASW, and the maximum decreases in WP were noticed in I 1 (irrigation every six days), which was significantly in par with I 2 (irrigation every eight days) as compared to I 3 (irrigation every 10 days) in both seasons (Figure 1) when PGPR in combination with biochar was applied.
3.4. Sodium (Na + ), Potassium (K + ), Calcium (Ca ++ ), Sodium Adsorption Ratio (SAR), and Electrical Conductivity (EC)
The soil physicochemical properties were significantly influenced by irrigation intervals and soil treatments under saline soil. The soil physicochemical properties, such as Na + , K + , Ca 2+ , and EC, were measured at the initiation of the trial ( Table 2 ) and at the harvest (Figures 2 and 3 ) in addition to SAR. Our findings exhibited that the application of PGPR and biochar alone increased K + and Ca 2+ whilst decreasing Na + , SAR, and EC compared to the control (where neither PGPR nor biochar was added). These soil chemical properties were further improved when PGPR was applied in conjunction with biochar. The greatest concentration of K + and Ca 2+ and lowest concentrations of Na + , SAR, and EC were observed in I 1 (irrigation every six days), which was on par with I 2 (irrigation every eight days) as compared to I 3 (irrigation every 10 days) in both seasons (Figures 2 and 3 ).
Chlorophyll Content, Relative Water Content, Stomatal Conductance, and Proline Content
There was a significant interaction between irrigation intervals and soil treatments for chlorophyll content, relative water content, stomatal conductance, and proline content. The findings showed that the highest chlorophyll content (Figure 4) , relative water content, and stomatal conductance ( Table 6) were obtained from plants treated with the combination of biochar and PGPR and irrigated every six days (I 1 ) in both seasons. A similar result was observed with irrigation every eight days (I 2 ) and the combination of biochar and PGPR in both seasons. The lowest chlorophyll content, relative water content, and stomatal conductance values were obtained from plants treated with irrigation every 10 days (I 3 ) and without soil applications (control). The combination of biochar and PGPR application resulted in decreased proline content when plants were irrigated every six days (I 1 ), which did not differ significantly (p > 0.05) from plants irrigated every eight days (I 2 ) under saline soil in both seasons ( Table 6 ). 
K + , Na + , and K + /Na + Contents in Leaves
There was a significant interaction of irrigation intervals with soil treatments and their effects on K + and Na + content in leaves of rice as well as for K + /Na + contents (Table 7) , in both seasons. The highest K+, K + /Na + contents and the lowest Na + content were obtained from plants that received irrigation every six days (I1), which did not differ significantly (P > 0.05) from plants irrigated every eight days (I2) when receiving the combination of biochar and PGPR. The individual application of biochar or PGPR to plants that were exposed to I1 or I2 was lower than the combined application of biochar and PGPR and higher than the control (neither biochar nor PGPR) in both seasons (Table 7) under saline soil conditions. 
There was a significant interaction of irrigation intervals with soil treatments and their effects on K + and Na + content in leaves of rice as well as for K + /Na + contents (Table 7) , in both seasons. The highest K+, K + /Na + contents and the lowest Na + content were obtained from plants that received irrigation every six days (I 1 ), which did not differ significantly (p > 0.05) from plants irrigated every eight days (I 2 ) when receiving the combination of biochar and PGPR. The individual application of biochar or PGPR to plants that were exposed to I 1 or I 2 was lower than the combined application of biochar and PGPR and higher than the control (neither biochar nor PGPR) in both seasons (Table 7) under saline soil conditions. The 1000-grain weight, number of grains panicle −1 , and the number of panicles m −2 were significantly influenced by irrigation intervals and soil treatments ( Table 8 ) in both seasons. In addition, there was a significant interaction of irrigation intervals with soil treatments for these traits in both seasons. It was observed that further increment in yield components of rice, i.e., 1000-grain weight, number of grains panicle −1 , and number of panicles m −2 , were detected when PGPR were applied alongside with biochar and irrigated every six days (I 1 ), which was on par with the plants irrigated every eight days (I 2 ) as compared to their sole applications in both seasons (Table 8) . Also, sole applications of either biochar or PGPR produced higher yield components compared to the control treatment (neither biochar nor PGPR) in both seasons. Among irrigation intervals, plants irrigated every 10 days had decreased yield components compared to plants irrigated every six or eight days, in both seasons. 
Grain Yield, Straw Yield, and Harvest Index
Grain yield, straw yield, and harvest index were significantly influenced by irrigation intervals and soil treatments ( Table 9 ) in both seasons. In addition, there was a significant interaction of irrigation intervals with soil treatments for these traits in both seasons. It was observed that further increment in grain yield, straw yield, and harvest index were detected when PGPR were applied alongside with biochar and irrigation interval every six days (I 1 ) which was in par with irrigation interval every eight days (I 2 ) as compared to their sole applications in both seasons (Table 9 ). Also, sole applications of either biochar or PGPR produced higher grain yield, straw yield, and harvest index compared to control treatment (neither biochar nor PGPR) in both seasons. Among irrigation intervals, application of I 3 decreased yield components compared to I 1 and I 2 in both seasons. Table 9 . Yield of rice as affected by PGPR, biochar, and their combination under different irrigation intervals (I 1 , I 2 , and I 3 ) in salt-affected soil in 2017 and 2018 seasons.
Treatments
Grain 
Effect of Soil Treatments on Nutrient Uptake Under Three Irrigation Intervals in Sat-Affected Soil
Total N, P, and K uptake were influenced by irrigation intervals and soil treatments ( Figure 5 ) in both seasons. These traits were higher in irrigation interval every six days (I 1 ) than other irrigation treatments ( Figure 5 ) under control treatment in saline soil in both seasons. We found in both seasons that the highest total N, P, and K uptake were obtained from rice plants treated with the combination of biochar plus PGPR and irrigation interval every six days (I 1 ) as well as irrigation interval every eight days (I 2 ) as compared to the combination of biochar plus PGPR and irrigation interval every 10 days (I 3 ) or sole applications and irrigation interval every six days (I 1 ) ( Figure 5 ) in saline soil. 
Discussion
Cropping plants are continuously exposed to different environmental perturbations, and more data is needed to understand how to manage these different types of stress. Therefore, the present 
Cropping plants are continuously exposed to different environmental perturbations, and more data is needed to understand how to manage these different types of stress. Therefore, the present study was conducted with the intent to test two new strategies that could minimize the negative impacts of water deficit and saline soil on rice. The independent and synergistic uses of biochar and PGPR were tested and found to be potential strategies for ameliorating the adverse effects on drought stress and soil salinity for rice production. It was found that all investigated parameters decreased significantly under different irrigation intervals (every 6 (I 1 ), 8 (I 2 ), and 10 (I 3 ) days) in salt-affected soil due to osmotic stress and nutritional disorders. The findings exhibited that the synergistic use of biochar and PGPR decreased the harmful effect of water deficit stress and salt-affected soil on rice growth [49] , improved soil physicochemical properties [50] , soil moisture constants, nutrient uptake, physiological characteristics, yield, and its components.
Among the tested strains, P. koreensis and B. coagulans produced a higher amount of IAA and solubilizing phosphate under stressed conditions (salinity and drought) [8] . In our study, high NaCl and PEG 6000 concentrations reduced the FGP and VI of rice seeds of the germinant. Among the tested strains, P. koreensis and B. coagulans improved FGP and led to a decrease of mean germination time at different stress concentrations. To overcome the elevated NaCl and PEG 6000 concentrations on the germination of rice, seeds were treated with the two different strains of PGPRs. Those strains demonstrated a great ability to induce the germination of rice seeds under increasing NaCl and PEG 6000 than the untreated seeds at the same treatment level. Therefore, the PGPRs P. koreensis and B. coagulans likely improve the uptake of water and mitigate the poisonous effects of increased soil salinity and drought on rice germination, which may encourage their use as bioinoculum in actual farming conditions [12] .
Soil Physicochemical Properties
SAR was measured to evaluate the potential for PGPRs and biochar to mitigate the adverse effects of Na + on soil structure under water deficit conditions. It was found that the combination of biochar and PGPR reduced soil SAR and EC at harvest in both seasons. This resulted in increased Ca ++ and K + concentrations in soil solution by placing Na + onto exchange sites and releasing other nutrients into the soil solution. Soil moisture content was improved by increasing field capacity, soil available water, and decreasing soil salt content, all of which resulted in improved soil structure and consequently allowed for the enhanced growth of rice roots. These findings are consistent with those noted by [51] .
The improved growth, nutrient absorption, and physiology of rice in response to PGPR inoculation at each irrigation interval and in saline soil could be ascribed to the biosynthesis of phytohormones such as IAA. IAA may be related to the total biomass of the plant [52] and augmented availability of nutrients [53] . It may also influence the production of ACC deaminase, EPS, and osmolytes [54, 55] . As declared in the findings, biochar-amended soil resulted in greater improvements of rice growth and physiology compared with PGPR. Inoculation by PGPR was influential for soil quality and plant growth. However, its lower impact might be attributed to improved soil physicochemical and root proliferation [56] .
Soil Moisture Constants
Biochar increased the soil moisture constants for both field capacity and available soil water whilst decreasing the wilting point [16] . Maintaining high soil moisture content in the root environment enables plants to grow better without facing stress problems [15] . Furthermore, biochar improved soil nutrient cycling for N, P, and K. Improved plant uptake likely occurred due to biochar's porous structure, large surface area, and negative surface charge [50] . Biochar increased the soil's cation exchange capacity and allowed for the retention of nutrients, which enhanced plant N, P, and K tissue concentrations. As explained above, the addition of biochar in association with PGPR resulted in optimal moisture content for longer periods compared with the individual treatments and the control. This was mainly due to augmented water-holding capacity and reduced soil bulk density [49] , which resulted in enhanced available mineral nutrients [57] . The synergistic effect of PGPR and biochar further improved the total bacterial abundance owing to its biostimulation impact [58] and augmented the microbial activities in the rhizosphere. This ultimately resulted in better growth of rice under the stress conditions.
Physiological Characteristics
It was found that increasing Na + in soil solution reduces the absorption of K + , Ca 2+ , N, and other essential nutrients in saline soils [11] . In this study, the combination of biochar and PGPR resulted in reduced Na + and improved absorption of K + , as described in Figures 2 and 3 . This was attributed to the higher Na + adsorption capacity of biochar, which has been recently stated by [59] . Consequently, leaf Na + content was reduced with integrated use of biochar along with PGPR as compared to the control treatment. Previous reports indicated that biochar helped maintain the nutrient balance in soil solution by releasing mineral nutrients, particularly K + , Ca 2+ , and Mg 2+ , and thereby reducing Na + uptake [16] . The effect of biochar, therefore, ultimately increased the ratio of K + to Na + . This can be clearly seen in the current study, where increased leaf K + content and decreased leaf Na + content resulted in an increased K + /Na + ratio under each irrigation interval and saline soil. Additionally, PGPR could also reduce plant Na + uptake by the excretion of IAA and bacterial exopolysaccharide, which could bind Na + and prevent its uptake in plants [60] .
Chlorophyll content has been considered as a suitable parameter for the physiological evaluation under environmental stressors like drought and salinity [13] . The decline of SPAD meter under water and salinity stressors is primarily caused by chloroplast damages, which contribute to important physiological changes during plant growth resulting in decrease crop productivity [61] . The integrated use of biochar and PGPR recorded the highest SPAD values under water deficit and salt-affected soil. This is directly linked to the nitrogen content in the leaf, which is the macronutrient necessary for chlorophyll development [6] . These findings could elucidate the increased leaf N uptake by the combining of biochar and PGPR in this study, which is positively reflected on yield and its components (1000-grain weight, number of grains panicle −1 , and number of panicles m −2 ).
Relative water content and stomatal conductance are crucial parameters that are directly linked to soil water status and productivity [62] . It was found that the lower relative water content and reduced stomatal conductance caused by drought stress and saline conditions led to increased proline content and reduced photosynthesis, nutritional imbalance, and grain yield [14] . Notably, the stimulatory impacts of PGPR can be further improved by the application of biochar [6] . This is perhaps owing to the additional water holding capacity of biochar [13] . As described in the results, the synergistic use of biochar with PGPR increased soil moisture. This may have caused a dilution effect in the soil solution [14] . Thereby reducing osmotic stress and preventing plants from losing turgor under water deficit and saline soil, leading to increase relative water content and improved stomatal conductance [13, 63] . A strong positive relationship was observed between leaf proline content and leaf Na + concentration likely as a plant response to the abiotic stress; these results are in conformity with [64] . Furthermore, it has been affirmed that proline content is negatively correlated with stomatal conductance and relative water content under water deficit and saline conditions [14] .
Yield and Its Components
In this study, the highest harvest index and grain yields were obtained by plants with the shortest irrigation interval (every six days, I 1 ). It has been stated that rice yields largely relate to traits such as 1000-grain weight, the number of grains per panicle, and the number of panicles m −2 . Water availability contributes to plant growth and development, and water deficit reduces plant productivity and thus decreases yield-related traits [65] . Under the longer irrigation intervals (every 8 and 10 days), losses due to water deficit stress and saline soil could be attributed to the closure of stomata, decrease relative water content, and chlorophyll content, which ultimately lead to a reduction of photosynthesis and minimized grain yield [13] . The combination of biochar and PGPR had a highly positive impact on water relations, nutrient cycles, and the availability and uptake of nutrients when compared to the individual applications and the control treatment. The synergistic use of biochar and PGPR had the ability to increment yield when applied to the plants irrigated every eight days (I 2 ), which was on par with those irrigated every six days (I 1 ) and under saline soil conditions.
Nutrient Uptake
In this study, the highest N, P, and K uptakes were attained from rice plants treated with the combination of biochar and PGPR under each of the three irrigation intervals and in saline soil as opposed to the sole applications and the control treatment. Among irrigation intervals, plants irrigated every eight days (I 2 ) were on par with those irrigated every six days (I 1 ) under saline soil conditions. Both of these were higher than plants irrigated every 10 days (I 3 ) when treated with the combination of biochar and PGPR in both seasons. The findings of the current study clearly demonstrate that the combination of biochar and PGPR further improved N, P, and K uptake significantly more than the application of either one alone. It appears that biochar and PGPR have a pivotal effect in the formation and stabilization of soil particulates under water deficit and saline conditions, and this can help with enhanced nutrient uptake.
Conclusions
Without biochar, PGPR application improved rice germination and growth under limited water in saline soil through the production of IAA and solubilizing phosphates. The synergistic use of biochar and PGPR led to further improved soil moisture content, physiochemical properties, physiological characteristics, and essential nutrient uptake. Biochar alongside with PGPR declined Na + uptake while increasing K + uptake under water deficit in salt-affected soil, which could be owing to the higher colonizing efficiency of PGPR in the presence of biochar. To the best of our knowledge, this is the first examination to report the synergistic use of PGPR and biochar on improving rice productivity under limited water and saline soil in field conditions. This approach could be a novel management strategy for sustainable agriculture to enhance soil fertility and rice productivity. Nonetheless, long-term field studies should be carried out to confirm the above mechanisms and recommendations of the synergistic use of biochar and PGPR under environmental stressors and further testing of its economic feasibility.
